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1. SUMMARY

As the world’s population grows, more attention needs to be paid to producing foods that 
provide adequate nutritional value. Microgreens, which are becoming more and more 
popular today, can be considered such foods. Vegetables in the microgreen category 
become edible within 7 to 14 days when the cotyledons are fully developed and the first 
true leaves appear. Compared to adult plants, microgreens have a much higher nutritional 
value, they contain significant amounts of vitamins (ascorbic acid, tocopherol), minerals 
and phytonutrients. The amount of these bioactive substances is greatly influenced by 
environmental factors, including humidity, temperature and light intensity.

In our experiment, microgreens prepared species belonging to various plant families, 
such as Brassicaceae (mustard, radish), Chenopodiaceae (beetroot, Swiss chard) and 
Lamiaceae (basil), were evaluated based on the (Ca2++Na+)/(Mg2++K+) ion ratio, yield, dry 
matter and vitamin C content.

Microgreens were allowed to develop up to a germination state of 90% protected from 
light in a germination chamber at a controlled temperature (24-25 °C) and humidity 
(65-70%). Following germination, after 2 to 3 days, the germination trays were placed 
in the experimental space of the greenhouse. General potting soil was used as the 
growing medium, and the seeds were of bio grade, suitable for microgreen cultivation 
in all cases. The crop was harvested 10 days after sowing, when plant height was 3 to 
9 cm, depending on the species.

The highest dry matter content (~10%) was measured in species belonging to the  
family Chenopodiacea. Mustard contained an outstanding amount of vitamin C  
(22.66 mg/100 g). In addition, favorable biomass weights were found in the case of 
radish and mustard (2528 g/m2; 1831 g/m2), while the values for the other species 
were almost the same (~500 g/m2).

The ion ratio of the human body varies between 2.5 and 4.0, with an optimal value 
of approximately 1.0. This relationship can be defined as the following ratio:  
(Ca2++Na+)/(Mg2++K+).

The ratio is determined from the occurrence values of the elements expressed in mmol/l 
[27]. The consumption of vegetables is of paramount importance in establishing this 
ratio, as their ion ratio is mostly below 1.0. This health-improving effect was proven in the 
case of the microgreens examined by us, as a value of about 0.40 was obtained for the 
different species.

Overall, it can be stated that mustard showed the most favorable results for the parameters 
examined.
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2. Introduction

As the world’s population grows, more attention 
needs to be paid to producing foods that provide ad-
equate nutritional value and, in addition, have minimal 
environmental impact [1, 2].  Microgreens, which are 
becoming more and more popular today, can be con-
sidered such foods. These vegetable plants become 
edible within 7 to 14 days following germination, de-
pending on the species, when the cotyledons are 
fully developed and the first true leaves appear [3, 4, 
5]. Microgreens are therefore fundamentally different 
from sprouts [6] and baby leaf vegetable plants. The 
latter can be picked after a growing period of 20 to 40 
days, in a mature, true leaf state. In contrast, sprouts 
are consumed before the emergence of the leaves, 
only the young shoots are consumed together with 
the seeds [7]. As consumer demand for healthy and 
so-called ‘conveniance foods’ grows, bagged and 
canned raw plants are becoming increasingly popu-
lar worldwide [8]. Recently, gastronomy developed a 
preference for them as well, as they play an important 
role in the offerings of exclusive restaurants with their 
special appearance. Their characteristic taste, which 
appears in a more pronounced way in the cotyledon 
state, can also be considered one of the favorable 
properties of microgreens [9]. They are used as new 
culinary ingredients to decorate various dishes, as 
side dishes or as raw materials for salad components 
[5]. Compared to the adult specimens of the same 
plants, microgreens have a much higher nutritional 
value, and they contain significant amounts of vita-
mins (ascorbic acid, tocopherol), minerals, carot-
enoids (β-carotene, lutein/zeaxanthin, violaxanthin) 
and phytonutrients [4].

In the United States, the mineral content of thirty 
plant varieties produced as microgreens was evalu-
ated in various food quality testing laboratories.

Ten species of the Brassicaceae family were evalu-
ated for macro- and microelement content (Ca, Cu, 
Fe, K, Na Mg, Mn, P, Zn) using inductively coupled 
plasma optical emission spectrometry (ICP-OES). 
Based on their measurements, it was found that mi-
crogreens are good sources of both macroelements 
(K and Ca) microelements (Fe and Zn) [10]. In further 
experiments, the mineral and nitrate contents of let-
tuces produced as microgreens and mature speci-
mens of the same plant species were compared. The 
results showed that most of the minerals (Ca, Mg, Fe, 
Mn, Zn, Se and Mo) were present in higher amounts 
in the microgreens. Additionally, they had a lower 
nitrate content than the adult specimens, and could 
therefore be considered an excellent and safe source 
of minerals in human nutrition [11]. The amount of 
these bioactive substances is greatly influenced by 
environmental factors, including temperature, humid-
ity and light intensity. For this reason, the production 
conditions of microgreens fundamentally determine 
the quality and nutritional value of the product [12]. 
Furthermore, due to the short growing period, en-

suring the best possible environmental conditions is 
of paramount importance [13]. Increased attention 
should be paid to the selection of appropriate spe-
cies and production conditions (growing medium, 
optimal plant density, light intensity, temperature, 
humidity), in order to be able to protect them against 
possible fungal or bacterial infections [14]. Although 
in the case of these herbaceous, cotyledonous 
plants, the main sources of infection most often are 
pathogens on the surface of the seeds. Due to the 
risk of infection, it is advisable to disinfect seeds of 
poor quality, e.g., using a 20,000 mg/l calcium hy-
pochlorite Ca(OCl)2 solution [15]. Furthermore, in 
the above-mentioned three plant product categories 
(sprout, microgreen, baby leaf), there are strict pro-
duction and marketing standards only for sprouts. 
The reason for this is that the consumption of food 
sprouts produced under inadequate hygiene condi-
tions poses a high food safety (microbiological) risk 
[16].

Microgreens are usually produced in a closed envi-
ronment, such as a greenhouse, foil tent or germi-
nation chamber, under natural or artificial lighting [6, 
17]. Closed growing environments can also limit the 
access of insects and other organisms, thereby mini-
mizing the possibility of infection [8].

Microgreens typically produced include species of 
the Brassicaceae family, such as cabbage, radish, 
cauliflower, broccoli, and many herbs and spices, 
such as mustard and garden cress [18]. For spe-
cies belonging to this plant family, it is well known 
that they are rich sources of glucosinolates and other 
phytochemicals with antioxidant effects, so that by 
consuming them, valuable, biologically active sub-
stances can enter the human body [19, 20].

3. Materials and methods

Our experiments were set up in the CSK 7,56/2018 
germination chamber found in the demonstration 
garden of the University of Debrecen AKIT DTTI Ar-
boretum. During the growing, species belonging to 
the different plant families of Brassicaceae (mus-
tard, radish), Chenopodiaceae (Swiss chard, beet-
root) and Lamiaceae (basil) were evaluated. Sowing 
was performed on February 20, 2020, in 58 x 29 cm 
propagation trays by covering the seeds with a thin 
layer of soil, and then placing the trays in the ger-
mination chamber. The microgreens were kept un-
der light-free conditions with controlled temperature 
(24-25 °C) and humidity  (65-70%) until germination 
was 90% complete. General potting soil was used as 
the growing medium. In all cases, the seeds were or-
ganically certified, suitable for growing seedlings and 
microgreens. After a light-free period of 2 to 3 days, 
the trays were placed in the separate experimental 
space of the greenhouse on the demonstration gar-
den. Temperature, humidity and irradiance values 
were measured at 2 typical times of the assimilation 
period, in the morning (between 8 and 9 a.m.) and in 
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the afternoon (between 1 and 2 p.m.), checking the 
lower and higher temperature intervals of the active 
photoperiodic section. It can be clearly seen that dur-
ing this period the temperature was in the range of 
17.75±1.28 °C, while in the afternoon it was in the 
range of 22.13±3.48 °C (Figure 1).

Humidity varied between 60±7.8% in the morning 
and 51±13.2% in the afternoon. Irradiance was in 
the range of 27±17.3 W/m² in the morning and in the 
range of 96±65.5 W/m² in the afternoon. Light inten-
sity varied between 2353±1206 lx in the morning and 
2277±606 lx in the afternoon (Figure 2).

Harvesting of the crop was carried out after 10 days, 
on March 1, 2020, by cutting the 3 to 9 cm tall plants 
without the roots along the soil surface.

Data were compared using the analysis of variance 
(ANOVA) method. Among the post-hoc tests, the dif-
ference between the data at a significance level of 
5% (p=0,05) was determined by Tukey’s test. Analy-
ses were performed using the IBM SPSS software 
(version 25).

3.1. Laboratory measurements

The aim of our experiments was to evaluate the nu-
tritional parameters (ion ratio, dry matter and vitamin 
C content) and yield of species belonging to different 
plant families (Brassicaceae - mustard, radish), Che-
nopodiaceae – Swiss chard, beetroot, Lamiaceae - 
basil) when produced as microgreens.

In the course of our work, the following measure-
ments were performed:

• Determination of biomass weight (g/m²) at har-
vest for each species;

• Determination of total dry matter content (%) 
– according to Chapter 2 of standard MSZ-08-
1783-1:1983;

• Determination of ascorbic acid content – ac-
cording to Chapter 2 of standard MSZ ISO 6557-
2:1991;

• Determination of mineral content (Ca, K, Mg, Na) 
with ICP-AES. Sample preparation was carried 
out by dry ashing according to standard MSZ-
08-1783:1983. Measurement results were used 
to calculate the ion ratio.

4. Analytical results

4.1. Dry matter content

Within the dry matter content, two components are 
distinguished, organic and inorganic substances. 
The dry matter content determines the raw shelf life 
of plants, which is an important property for micro-
greens. The dry matter content of the samples evalu-
ated by us ranged from 4.78% to 10.02% (Table 1). 

The highest values (~10%) were measured in sam-
ples prepared from beetroot and Swiss chard. The 
lowest dry matter (4.78%) was found in radish. Other 
researchers have measured dry matter contents of 
7.73% in basil, 7.8% in radish, and 4.6 and 5.6% in 
beetroot and mustard, respectively, under different 
conditions in unheated foil tents (May and July) [4].

4.2. Vitamin C content

Ascorbic acid (vitamin C) is one of the water-soluble 
vitamins, so it is not stored in the human body, there-
fore, it must be constantly replenished. It is a well 
known fact that the recommended daily intake values 
are controversial for several nutrients. According to 
the RDA (Recommended Dietary Allowance), the rec-
ommended daily intake of vitamin C for the general 
population is 90 mg/day for adult men and 75 mg/
day for adult women [21]. The vitamin C content of 
the vegetable species evaluated by us ranged from 
2.44 to 22.66 mg/100 g (Table 2). The latter value 
was measured in mustard, and it can cover 25 to 
30% of the recommended daily intake. When using 
hydroponic cultivation technology, other researchers 
have measured values of 30.67 mg/100 g in mustard 
and 45.43 mg/100 g in radish [22].

4.3. Ion ratios of the different microgreens

The optimal ion ratio of the human body can be defined 
by the following relation: (Ca2++Na+)/ Mg2++K+)≈1.0, 
where the ratio of mineral elements is expressed in 
mmol/l values. In the human body, this value usually 
varies between 2.5 and 4.0 [27], and this ion ration 
can be favorably influenced by the consumption of 
vegetables [22].

Such a health-improving effect of the microgreens 
examined by us could be proven, as in most cases 
the calculated ion ratios were around 0.40 for the 
different vegetable species (Table 3). The highest 
ion ratio was obtained for basil (0.62). Thus, it can 
be proven that the consumption of microgreens can 
lower the ion ratio of the human body, making it ap-
proach the optimal value (1.0).

4.4. Yields of microgreens produced from differ-
ent plant species

When producing microgreens, typically lower yields 
are to be expected. Table 4 shows the biomass 
weight measured for each species. In our experi-
ment, outstanding yields were measured for radishes 
and mustard with typically larger leaves, specifically 
2,528 g/m2 for radishes and 1,831 g/m2 for mustard. 
This value was lower for the Swiss chard, beetroot 
and basil species.  Other researchers achieved yields 
of ca. 2,000 g/m2 for Swiss chard and ca. 1,000 g/m2 

for basil using hydroponic cultivation [24]. Murphy 
et al. used different sowing (seed) densities in the 
production of microgreens from beetroot, which was 
harvested after 15 days. It was found that although 
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higher seed densities resulted in higher yields, but a 
fourfold increase in the initial seed amount of 50 g/m2 
resulted in a yield increase per square meter of only 
60% [25].

5. Evaluation and discussion of the results, con-
clusions

Microgreens are young, tender herbaceous plants 
that wither in a relatively short time, so it is advisable 
to grow species that have a more favorable (lower) 
water content.

In our experiment, when grown on peat, the highest 
water content was measured in radish (95.2%), while 
the lowest was measured in Swiss chard (89.8%).

For a balanced diet, it is important to have the right 
amount of vitamin C. As vitamin C is not stored in 
the human body, it must be constantly replenished. 
Of the vegetable species examined, a favorable vita-
min C content was measured in the case of mustard 
(22.66 mg/100 g), which can cover 25 to 30% of the 
recommended daily intake.

All the vegetable species evaluated by us proved to 
be favorable in maintaining the optimal ion ratio of 
the human body.

In the literature available to us, relatively little data 
was found on the yield of the different species, while 
using different cultivation methods. From an eco-
nomic point of view, it would be important to know 
the yields that can be expected, because of the rela-
tively high seed demand (10-40 thousand seeds/m2) 
[26].
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